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Old News Revisited as a HypothesisOld News Revisited as a Hypothesis

The Delta is a dynamic The Delta is a dynamic 
landscape undergoing landscape undergoing 
significant change at significant change at 
multiple scalesmultiple scales

Change will be considerable Change will be considerable 
in the future due to in the future due to 
continued subsidence and continued subsidence and 
sea level risesea level rise

There is a high probability There is a high probability 
that abrupt change will take that abrupt change will take 
place in the next 50 yearsplace in the next 50 years

There is no institutional There is no institutional 
capacity to respond to capacity to respond to 
dynamic Delta landscapesdynamic Delta landscapes



StaticStatic--Landscape Planning Landscape Planning 
InitiativesInitiatives

Water Supply Water Supply 
ReliabilityReliability
Drinking Water Drinking Water 
QualityQuality
Ecosystem Ecosystem 
RestorationRestoration
Levee System Levee System 
IntegrityIntegrity



Delta Landscape ProcessesDelta Landscape Processes

SubsidenceSubsidence
Sea LevelSea Level
SeismicitySeismicity
SedimentationSedimentation
Climate ChangeClimate Change
HydrologyHydrology
Land UseLand Use









Indices of Change: Indices of Change: 
Potential Potential vs vs ConsequentConsequent

Anthropogenic Anthropogenic 
accommodation accommodation 
spacespace as a as a proxyproxy for for 
the consequence of the consequence of 
landscape changelandscape change

Regional hydrostatic Regional hydrostatic 
forceforce as a as a proxyproxy for for 
potential levee failurepotential levee failure



Accommodation Space IndexAccommodation Space Index
ASI = (As + Aa)/AsWhere:

Aa = Anthropogenic Accommodation Space
As = Subaqueous Accommodation Space

Levee Force IndexLevee Force Index
LFI = CFt/CF1900Where:
CFt = Ft x Levee Length

Ft = (hydrostatic pressure) x (depth x width) = Force/unit levee length
since Ft = (.5ρgH)(H • b), then 

Ft is proportional to H2



Methods: SimulationsMethods: Simulations
Regressed 1920Regressed 1920--1980 and 1980 and 
postpost--1950 data (1950 data (Deverel Deverel 
data)data)

Estimate decline in Estimate decline in 
subsidence rates on peat subsidence rates on peat 
soils (conservative)soils (conservative)

Factored in IPCC sea level Factored in IPCC sea level 
rise by 2050 (conservative)rise by 2050 (conservative)

Assume businessAssume business--asas--usual usual 
conditions, simulated conditions, simulated 
stepwise lowering of islands stepwise lowering of islands 
until base of peat layer until base of peat layer 
encounteredencountered







2.5 Hydraulic Mining Eras worth of current space (Gilbert, 1917)2.5 Hydraulic Mining Eras worth of current space (Gilbert, 1917)
1500 years to restore existing space with current sediment 1500 years to restore existing space with current sediment 
loads (loads (SchoellhamerSchoellhamer, USGS), , USGS), butbut
Sea level rise Sea level rise alonealone creates almost twice the annual space that creates almost twice the annual space that 
sediment is capable of fillingsediment is capable of filling
Average daily increase of more than 27,000 mAverage daily increase of more than 27,000 m3 3 









Gradual Landscape Change: Gradual Landscape Change: 
Tendencies and TrajectoriesTendencies and Trajectories

Continued accommodation Continued accommodation 
space generationspace generation

Significant increase in Significant increase in 
cumulative hydrostatic force cumulative hydrostatic force 
on leveeson levees

Increase in tendency for Increase in tendency for 
island flooding with unknown island flooding with unknown 
impactsimpacts

$1B+ backlog in $1B+ backlog in 
maintenance and upgrade to maintenance and upgrade to 
1986 conditions1986 conditions

J. Punia



Gradual Gradual vs vs Punctuated Punctuated 
Landscape ChangeLandscape Change



Abrupt Landscape ChangeAbrupt Landscape Change

Torres et al. (2000)

Potential for significant island Potential for significant island 
flooding during modest seismic flooding during modest seismic 
events of >100events of >100--year year 
recurrence interval (.01 recurrence interval (.01 
exceedance exceedance probability)probability)

55--20 levee segments fail due 20 levee segments fail due 
to substandard foundations to substandard foundations 
and construction in 100and construction in 100--year year 
seismic eventseismic event

100100--year recurrence interval year recurrence interval 
flood capable of similar flood capable of similar 
multiple levee failures over multiple levee failures over 
large regionlarge region



Abrupt Change in 50 Years: Remote or Real?Abrupt Change in 50 Years: Remote or Real?

P = 1P = 1--[1[1--1/T]1/T]nn

100100--year earthquake = .40year earthquake = .40

100100--year flood event = .40year flood event = .40

100100--year earthquake AND flood = .16year earthquake AND flood = .16

100100--year earthquake OR year earthquake OR flood = .64flood = .64

Torres et al. (2000)

It is a 2It is a 2--inin--3 3 
probability that probability that 
abrupt change will abrupt change will 
occur in the Delta in occur in the Delta in 
the next 50 yearsthe next 50 years





Punctuated Landscape Punctuated Landscape 
ChangeChange

MultiMulti--billion dollar, multibillion dollar, multi--
year disruption in water year disruption in water 
supply supply 
Loss of farms, existing Loss of farms, existing 
habitatshabitats
SelfSelf--accelerating island accelerating island 
losseslosses
Conversion of the Central Conversion of the Central 
and Western Delta to and Western Delta to 
subtidal subtidal estuary estuary 



ConclusionsConclusions
Gradual landscape Gradual landscape 
change a certainty; change a certainty; 
abrupt change highly abrupt change highly 
likelylikely

Estimates here are Estimates here are 
conservativeconservative and do not and do not 
reflect cascade effects or reflect cascade effects or 
embedded thresholdsembedded thresholds

Left out impacts of Left out impacts of 
regional climate change, regional climate change, 
including higher temps including higher temps 
and larger floodsand larger floods



ConclusionsConclusions
Increasing levee failures, Increasing levee failures, 
with significant but with significant but 
unknown impactunknown impact

No economically feasible No economically feasible 
method to restore method to restore 
elevationselevations

Current planning remains Current planning remains 
predicated on a fixed, predicated on a fixed, 
rather than dynamic rather than dynamic 
landscapelandscape

J. Punia

J. Punia


